Abstract: This study assesses changes in the environmental conditions in Chernyshov Bay (northern part of Aral Sea Western Basin) during the last ~2 ky from geochemical and diatom analyses of sediment core C2/2004. Comparison of fossil assemblages with the contemporary distribution of diatoms in the Aral Sea suggests that considerable changes occurred in water level as well as salinity. Deposits with high diatom concentrations and dominance of the marine species Actinocyclus octonarius ehrenberG are interpreted as periods of high water level, whereas replacement by Tryblionella compressa (bailey) boyer is considered to indicate lake level fall. On the other hand sediments with low diatom concentration represent higher freshwater input and therefore salinity decrease. This interpretation is supported by estimates of siliciclastic and chemogenic sediment components. A chronology of major lake stages is derived and roughly agrees with recent findings from other studies.
1 to more than 100 ‰ (saPozhnikov et al. 2009 ) in the Western Basin. At least from 1853 until 1961, the Aral Sea had been a relatively stable water body with secular variations of the water level less than 3 m (kawabata et al. 1997) . Studies of earlier lake-level changes generally agree on 3-4 major regression phases in the last 2 ky (boomer et al. 2009 ). Among others, variable reworking of carbon complicates age-model construction, thus contributing to considerable chronological uncertainty.
Several studies on recent diatom assemblages from various parts of Aral Sea have been published. Most authors (e.g., kawabata et al. 1997, mirabdullayev et al. 2004 ) merely related diatom assemblage composition to salinity as the principle steering variable. According to mirabdullayev et al. (2004) species diversity and productivity of the biological communities decreased at the transition from oligosaline to hypersaline conditions. So far, saPozhnikov
Introduction
The water level of endorheic lakes such as Aral Sea strongly depends on the riverine inflow. As the lake level rises and falls, many changes occur in both biological (lake productivity, species diversity and assemblages) and inorganic (salinity, presence/absence of precipitates, amount of allochthonous particles including clay minerals and nutrients) characteristics of the water column that are traceable later-on in the sedimentary record. Changes in the level of Aral Sea have been estimated from sedimentary cores (le CalloneC et al. 2005 (le CalloneC et al. , sorrel et al. 2006 , archaeological excavations (boroffka et al. 2006) , morphological features (reinhardt et al. 2008) , and historical documents (boomer et al. 2000) . The lake regression in the last 50 years is well documented: the lake level has fallen by more than 23 m (zavialov 2005) and salinity increased from 10 ‰ (mirabdullayev et al. 2004) et al. (2009) provide the most comprehensive study, including a comparison of water column and sediment samples from many sites. They have found discrepancies between published salinity demands of certain diatom species and their abundance in hypersaline conditions. In addition, they illustrate the importance of water depth for the composition of diatom communities. These studies allow us to understand better what happened during the last lake regression as well as in the more remote past. However, current analogues for transgressive phases or a stable lake level are not available.
The only study on fossil diatom assemblages in the Aral Sea of the last 1. We aim to trace the main diatom-assemblage changes during the last 2 ky in this part of the Aral Sea from an additional sediment core, and in combination with geochemical data, reconstruct lake-level variations in the light of observations from the last 50 years.
Materials and methods

Core C2/2004
The core C2/2004 from Chernyshov Bay, northern part of western Aral Sea, was retrieved from water depth of ~ 3 m (nourGaliev et al. 2007 ). It consists of 4.3 m of rather homogenous clayey sediment with some variation in organic content and laminae of organic matter, and chemogenic precipitates (Fig. 4) 
Diatom analysis
0.1 g of sediment sampled at 0.5-4 cm intervals was stirred with distilled water and on average 350 μl of divinylbenzene microspheres (mean concentration 6.18*10 6 g/l) were added to calculate diatom valve concentration (GryGar et al. 2006 (GryGar et al. , 2007 . Samples were settled onto coverslips and allowed to dry before mounting on slides using Naphrax TM . Diatom species were counted at 1000x magnification using an Olympus BX40 optical microscope. We counted 300 valves per sample if the preservation of frustules was high enough; otherwise we scanned the 2 cm line 3 times in different levels resulting in some cases in only 50 counted valves. Small Cyclotella species were not separated. The percentage of the less abundant or unidentified species was less than 12 % of the total counted diatoms. 
Results
Mineral composition
Chemical analysis produced estimation of the allochthonous clay minerals, which are "diluted" by two types of autochthonous sediment fractions: chemogenic (gypsum and part of calcium carbonates) and biogenic (major part of calcite and aragonite, mostly mollusc and ostracod shells, and organic matter, mostly various algae). Because the large distance of any river mouth and low sedimentation rate we expect that amount of allochthonous organic matter is insignificant. The cation exchange capacity (CEC) depth profile (Fig. 4) traces the most important changes in bulk sediment composition. Highest CEC values occur at 72-108 cm, 155-265 cm and 320-340 cm depth. Gypsum layers, indicating periods of lake level fall, are present at 0-17, 149-153, 354, 368, 388 , and 420-424 cm.
Diatom concentration and organic remains
We distinguished 11 diatom assemblage zones (DAZ) according to the total diatom concentration changes and major changes in the diatom species composition (Fig. 3) . Lowered diatom concentrations (<2*10 6 /g), absence of water plant remains and few mollusc shells are observed at the top of the core (0-15 cm), and at 52-98, 125-150 and 220-300 cm depth. This corresponds roughly to DAZ 1, 3, 5, 8, and 9 (Fig. 3) . Importantly, sediment lamination is absent (DAZ 3, 8, and 9) or only faintly visible (DAZ 1, and 5). This may be due to increased bioturbation by nematodes, which are nowadays most common in deeper, moderately oxic bottom environments (mokievsky 2009) or by increased water turbidity.
Periods of high biological activity appears to be reflected at depths of 16-51, 99-124, 151-219, and 301-432 cm, corresponding to DAZ 2, 4, 7, 10, and 11 as evidenced by a gradually increasing diatom concentrations, appearance of mollusc shells, and increased amounts of water plant fragments, forming distinct laminae. The highest concentration of diatoms (~9*10 6 /g) is observed in DAZ 4 and coincides with massive accumulation of mollusc and ostracod shells.
Diatom assemblage changes
In total we counted diatom assemblages of 141 samples, 110 diatom instraspecific taxa has been recognized. Most of the observed species are alkaliphilous and eutraphentic according to van dam et al. (1994) . However, the species composition differs markedly between DAZ 1-10 and DAZ 11 (Figs 3-4) . In the upper 3 m of the core, planktonic diatoms preferring higher salinities, mainly Actinocyclus octonarius ehrenb. (Fig.  1a) and Cyclotella spp., are dominant whereas in the lower part of the core smaller, mainly tychoplanktonic sessile and bottom-dwelling species (Cocconeis placentula ehrenb. (Fig.  1m) , Nitzschia sigma (kütz). Grunov, Nitzschia fonticola Grunow (Fig. 1j) , Opephora krumbeinii witkowski (Fig. 1k ) with mixed salinity demands prevail (Fig. 3) . Diatoms that are generally considered to be oligohalobous (C. placentula, N. fonticola) and are frequently used as indicators of low salinity presently occur in the Aral Sea at salinities exceeding 100 ‰ (saPozhnikov et al. 2009 ). Therefore, their abundance may be controlled by factors other than salinity. According to van dam et al. (1994) , N. fonticola, which is common in DAZ 11 indicates well oxygenated water (>75% saturation) and lower nutrient levels. DAZ 10 (298-315 cm) is the only one dominated by Grammatophora marina lynGbye (Fig. 2o) , which indicates warm and highly saline shallow water with low nutrient availability (munda 2005, resende et al. 2007 ). In DAZ 9, G. marina is replaced by a Diploneis smithii (bréb.) Cleve (Fig.  1l) which has a lower salinity tolerance (sChrader & Gersonde 1978) and the mesohalobous plankton diatom Thalassiosira lacustris (Grunow) hasle (Fig. 1b) . The other zones with higher diatom concentration (DAZ 2, 4, 7) show a dominance of A. octonarius. The salinity range of this species is wide, e.g. its reported optimum varies from saPozhnikov et al. 2009 ). High abundances of Navicula digitoradiata (GreGory) ralfs (Fig.  1i) and Diploneis bombus (kütz.) Cleve (Fig.  2p) are observed in DAZ 2 and DAZ 7. These species are common in salt marshes along many marine coasts (e.g. sawai et al. 2004, wilson et al. 2005) . DAZ 1, 3, 5, 6, and 8 present low diatom concentrations, often agreeing with a high relative abundance of Cyclotella spp. (DAZ 3, 5, 8) . The concentration of these species remains almost the same throughout the core, therefore their dominance points rather to selective dissolution of less resistant diatom frustules or environmental conditions which are unfavourable for growth or deposition of other taxa. In the lower part of DAZ3 there is high abundance of Tryblionella compressa (bailey) boyer (Fig. 1c) and Nitzschia navicularis (bréb. ex kütz.) Grunow (Fig. 1e) 
Discussion
Sediment chemistry
Periods of strongest siliciclastic input, as indicated by the highest CEC values, are likely to correspond with increased influx of river water and stronger dilution of lake water preventing preservation of carbonate shells, or to highstand preventing deposition of shells in the study site. If lake bioproductivity was high and siliciclastic input -relatively low, CEC of the sediment decreases due to the increased concentration of calcium carbonates and organic material. This appears to have been the case during DAZ 2 and 4. CEC is in its minimal values whenever dissolved Ca+Mg cations are maximal as gypsum starts to precipitate. Such events in last 2 ky are dated at 1900-2000, and 970-1050 AD. The third most remarkable CEC minimum corresponding to apt. 0-250 AD has not been explained by gypsum or organic matter but some other yet unestablished chemogenic precipitate is probably present.
Interpretation of the diatom record
In deposits corresponding to the last 1.6 ky we found much lower diatom concentrations and substantially different assemblages from those reported by austin et al. (2007) . They described a dominance of small benthic species (Amphora pediculus (kütz) Grunow, N. fonticola, Karayeva clevei Grunow) which occur rarely in DAZ 1-10 of C2/2004. However, similarities exist between both records with regard to the abundance of large planktonic species (A. octonarius, and Thalassiosira sp.). The most remarkable correlation feature of these two cores is the maximum of A. octonarius concentration centred at the 109 cm, dated at 1290 AD, which correlates with a single maximum of this species shown by austin et al. (2007) at 490 cm (1310 AD according to their chronology). Less evident is the correlation of a high abundance of Thalassiosira spp. in their core centered at 420 AD and at 115 AD in ours. Nevertheless, given the dating uncertainty these peaks may well be coeval, as well.
Crucial for understanding of the diatom assemblage is the interpretation of the A. octonarius abundance. This species is mainly abundant when the sediment contains a very high diatom concentration that point to a relatively low dissolution rate of the frustules within the water column. Although A. octonarius is a marine diatom it was a dominant species in the Aral Sea in 1960 (mirabdullayev et al. 2004 ). saPozhnikov et al. (2009 pointed to the dependence of diatom assemblage composition on water depth. They observed that A. octonarius is abundant in the Western Basin today, but that it does not occur where water depth is less than 10 m and reaches its highest abundance in sediments in a depth of 20 m. Similar observation were published by wood ( 
Past lake level changes
In DAZ 1 corresponding to ~1900-2000 AD (error max. 200 years) and representing the latest phase of regression (last 50 years), we observed high abundances of T. compressa as the end of the succession described above and later dominance of S. fastuosa connected with a low total diatom concentration accompanied by a high concentration of gypsum. Similar conditions within the core were dated 1330-1450 AD and 910-1060 AD (error max. 200 years) although a gypsum layer was only formed during the latter period. During 0-250 AD was probably other lake level regression phase because of minimal CEC values.
A stable lake level between 1960 and at least the beginning of the19 th century is reflected by the highest diatom concentrations (A. octonarius dominance), laminated sediments, and variable amount of chemogenic precipitates, mainly carbonates. Therefore high total diatom Fig. 3 . Diatom concentrations and relative abundance of euhalobous, mesohalobous (α, β), and oligohalobous species that occurred with an abundance of > 20% in more than one sample, as well as Pleurosigma salinarum and Thalassiosira lacustris. Note the change in scale of total diatom concentration at 300 cm. concentrations at 1600 -1900 , 1200 -1330 are likely to represent high lake-level stages.
The phases with low diatom concentrations are more difficult to interpret. Prevalence of Cyclotella spp. coinciding with low biological productivity could prove a low nutrient availability and/or turbidity increase. During these periods formation of autochthonous precipitates was minimal and consequently CEC high so we can assume that these stages represent more or less intensive transgressive phase when salinity decreased. According to this interpretation transgression phases occurred in the following periods: 1450-1600, 1060-1200, and 250-525 AD (error max. 200 years). These lake level phases are in general agreement with a recent review of the evidence on Aral Sea lake-level changes by boomer et al. (2009) (Fig. 4) .
